Objective: We examined the relation between eight types of adverse childhood experience (ACE) and three indicators of impaired worker performance (serious job problems, financial problems, and absenteeism).
Job performance can be affected by personal factors other than knowledge and skills. Indeed, the complexity and team interaction inherent in many current jobs have increased the importance of personal and interpersonal factors in the workplace. For this reason, modern employee assistance programs offer help for emotional, family, and marital problems as well as for substance abuse and financial stress. 2, 3 Poor interpersonal skills, emotional distress, frequent somatic symptoms, and substance abuse all can reduce worker performance.
In addition to being intrinsically related to individual and public health, these factors affect business profitability and even national productivity. 4 Chronic back pain in the workforce is estimated to cost US businesses as much as $28 billion per year; 5 depression and its workrelated outcomes-absenteeism, reduced productivity, and medical expenses-are estimated to cost as much as $44 billion per year; 6 and chemical dependency is estimated to cost $246 billion per year. 7 These massive losses occur despite existence of workplace safety programs and the most expensive system of medical care in the world. 8 In this article, we analyze the ways in which adverse childhood experiences affect several indicators of job performance during adult life. Specifically, we tested the hypothesis that childhood abuse and household dysfunction exert negative long-term effects on three broad-based indicators of worker performance: serious job problems, serious financial problems, and absenteeism. We then assessed how interpersonal relationship problems, emotional distress, somatic symptoms, and substance abuse may act as mediating variables in the relation between adverse childhood experiences and indicators of occupational performance.
Methods

Study Population
To test our hypothesis, we used data from the Adverse Childhood Experiences (ACE) Study, which was designed to assess the effect of clinical contributions clinical contributions adverse childhood experiences on later (adult) health behavior and health outcomes as these types of behavior and outcomes relate to the leading causes of morbidity and mortality in the United States. [9] [10] [11] [12] [13] [14] [15] [16] The ACE Study is being conducted among adult members of the Kaiser Foundation Health Plan in San Diego, California, which administers standardized biopsychosocial medical evaluation to more than 55,000 adult Health Plan members annually at a specialized clinic, the Health Appraisal Center. Review of medical records showed that 81% of adults who were continuously enrolled in the Health Plan between 1992 and 1995 had visited this clinic. All 13,494 Health Plan members who completed the standardized evaluation at the Health Appraisal Center in August 1995 or in March 1996 were eligible to participate in the ACE Study. 9 The ACE Study was approved by the Institutional Review Boards of the Southern California Permanente Medical Group, Emory University, and the National Institutes of Health Office of Protection from Research Risks.
Each Health Plan member who completed the standardized evaluation at the Health Appraisal Center was mailed a study questionnaire. This survey instrument was administered in two rounds ("Waves"). Of the 13,494 adult Health Plan members surveyed in Wave 1, 9508 (70%) responded and were discussed in initial ACE publications. [10] [11] [12] [13] In Wave 2, 9,16 questionnaires were administered to 13,330 adult Health Plan members who completed the standardized evaluation between June 1997 and October 1997; of these 13,330 adults, 8667 (65%) responded. The final ACE Study cohort included 18,175 persons: 9508 questionnaire respondents from Wave 1 and 8667 questionnaire respondents from Wave 2. Thus, the overall response rate was 68% for the 26,824 adult Health Plan members surveyed. We excluded from analysis all 754 respondents who coincidentally underwent standardized evaluation during both survey waves; all 7761 respondents who were unemployed (ie, had neither fulltime nor part-time employment); four respondents who provided incomplete information about their race; and 23 respondents who provided incomplete information about their educational attainment. Thus, the final study cohort included 9633 persons who were employed at the time of the ACE Survey.
Because the ACE Study questionnaire addressed sensitive topics, we compared respondents and nonrespondents to assess possible study bias introduced by nonresponse. For this assessment, we abstracted medical evaluation data for respondents as well as for nonrespondents to the Wave I questionnaire. We found no important differences between respondents and nonrespondents, either in type of health risk behavior (eg, smoking, obesity, substance abuse) or disease history (eg, diabetes, hypertension, heart disease, or cancer).
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Defining Adverse Childhood Experiences
All questions about adverse childhood experiences pertained to eight phenomena experienced by respondents during their first 18 years of life. These phenomena included emotional (verbal), physical, and sexual abuse; having a mother or stepmother who was battered at home; having parents who were either separated or divorced from each other during the respondent's childhood or adolescence; living with a problem drinker, a drug user, or a mentally ill person; having a household member who was imprisoned. Questions for emotional (verbal) and physical abuse and for having a battered mother were obtained from the Conflict Tactics Scales. 18 Questions about contact sexual abuse were adapted from the work of Wyatt.
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Emotional Abuse
Respondents were characterized as emotionally abused if they answered "often" or "very often" to either (or both) of the following questions:
• "How often did a parent, stepparent, or adult living in your home swear at you, insult you, or put you down?" • "How often did a parent, stepparent, or adult living in your home act in a way that made you afraid that you might be physically hurt?"
Physical Abuse
Respondents were characterized as physically abused if they answered "often" or "very often" to the following question:
• "While you were growing up, that is, in your first 18 years of life, how often did a parent, stepparent, or adult living in your home push, grab, slap, or throw something at you?" An alternative criterion for being defined as physically abused was an answer of "sometimes," "often," or "very often" to the following question:
• "While you were growing up, that is, in your first 18 years of life, how often did a parent, stepparent, or adult living in your home hit you so hard that you had marks or were injured?"
Sexual Abuse
A respondent was identified as having experienced contact sexual 
Battered Mother
A respondent was identified as having a battered mother or stepmother if the respondent answered "sometimes," "often," or "very often" to one or both parts of the following two-part question:
• While you were growing up in your first 18 years of life, how often did your father (or a stepfather) or mother's boyfriend do any of these things to your mother (or a stepmother): 1) push, grab, slap, or throw something at her? 2) kick, bite, hit her with a fist, or hit her with something hard? Alternatively, a respondent was identified as having a battered mother or stepmother if the respondent answered in any way other than "never" to one or both parts of the following two-part question:
• While you were growing up in your first 18 years of life, how often did your father (or a stepfather) or mother's boyfriend do any of these things to your mother (or a stepmother): 1) repeatedly hit her over at least a few minutes? 2) threaten her with a knife or gun or use a knife or gun to hurt her?
Household Substance Abuse
Respondents were identified as having been exposed to household substance abuse if they responded affirmatively when asked whether they grew up with a problem drinker or alcoholic 20 or with anyone who used street drugs.
Mental Illness in Household
Respondents were identified as having been exposed to mental illness if they responded affirmatively to being asked whether anyone in their household had been depressed, mentally ill, or attempted suicide.
Parental Separation or Divorce
A respondent was characterized as having parents who were separated or divorced if the respondent answered "yes" to the question, "Were your parents ever separated or divorced?"
Incarcerated
Household Member
A respondent met this criterion if anyone in the respondent's household had been imprisoned during the respondent's childhood.
ACE Score
To assess the cumulative effect of adverse childhood experiences, we calculated for each respondent a score ranging from 0 to 8 (the ACE Score), which represented the total number of categories to which the respondent had been exposed.
Indicators of Impaired Worker Performance
The three indicators of impaired worker performance were job problems, financial problems, and absenteeism. Respondents were identified as having impaired worker performance if they answered "yes" to any of the following questions:
• Are you currently having serious problems with your job? • Are you currently having serious problems with your finances? Respondents were also asked how many days of work they missed in 
Areas of Health and Well-Being
We hypothesized that four selected areas of health and well-being may be intermediate variables that relate adverse childhood experiences to worker performance ( Figure 1 ). We used our clinical judgment on an a priori basis to select three representative problems from each of these four areas of health and well-being. We used factor analysis with orthogonal transformation and a minimal factor loading of 0.4 to determine whether our a priori reasoning about the grouping of the problems was statistically robust. This analysis showed that the four areas of health and well-being that emerged as factors for men matched exactly our a priori areas (eigenvalues >1). The factor structure for women was similar except that among women, depressed mood was a factor associated with relationship problems (eigenvalues >1). Table 1 lists the questions used to define each of the four areas of health and wellbeing and shows the criteria for a positive response in each area. Respondents who met the criteria for any of the three questions were considered to have a problem in that area of health and well-being.
Statistical Analysis
For purposes of analysis, persons for whom incomplete information was available about childhood exposure were considered not to have had that experience. This decision probably biased our results toward the null hypothesis, because persons who might have been exposed to an experience would always be misclassified as unexposed. 21 To assess the effect of this decision, we repeated our analyses after excluding respondents with missing information on any exposure. The results of these analyses were nearly identical to those presented herein.
We used logistic regression 22 to estimate odds ratios (OR) for the association between three items: childhood exposure to adverse experiences, indicators of impaired worker performance, and response to each question about health and well-being. All models included the respondent's age, sex, race, and educational attainment.
Assessment of Mediating Effects on Health and Well-Being
We compared the strength of the relation between adverse childhood experiences and indicators of impaired worker performance by using logistic models with and without controlling for potential mediation (ie, by problems in the four areas of health and well-being).
To do this comparison, we used an ordinal variable to designate total number of problems from the four areas of health and well-being (range 0-12). We used the term "mediation" in the same way as some researchers use the term "intermediate"; we consider these terms to have the same meaning and to be interchangeable.
Our analyses used the following principle:
A confounding variable must not be an intermediate step in the causal path between the exposure and the disease.
This criterion requires information outside the data. The investigator must decide whether the causal mechanism that might follow from exposure to disease would include the potentially confounding factor as an intermediate step. If so, the variable is not a confounder. 21 
Results
Characteristics of Study Population
Mean age of the cohort was 47.9 years (SD +11.7), 51.9% were women, and 68% of the population were white. Forty-six percent were college graduates, 37% had some college, and 4% did not graduate from high school.
Prevalence of Adverse Childhood Experiences
Prevalence of the eight categories of adverse childhood experience is shown in Table 1 . Thirty-two percent of respondents reported no exposure to adverse childhood experiences, and 25% of respondents reported exposure to only one category of adverse childhood experience. More than two thirds of respondents were exposed to at least one category of adverse childhood experience; and 43% of respondents reported exposure to two or more categories of adverse childhood experience. Exposure to two categories of adverse childhood experience was reported by 17% of respondents; exposure to three categories, by 11% of respondents; and exposure to four categories, by 15% of respondents.
Childhood Exposure and Indicators of Worker Performance
Job-related problems were reported by 11.5% of the study cohort; financial problems were reported by 15.5%; and absenteeism, by 8.7%. Each of the eight adverse childhood experiences was associated with an increased likelihood of job problems, financial problems, and absenteeism (Table 2) .
Adverse Childhood Experiences and Measures of Health and Well-Being
The ACE Score had a strong, graded relation to the four areas of health and well-being (p < 0.0001) ( Table 3) . Compared with workers who had an ACE Score of 0, workers with an ACE Score of 4 or higher had a 1.8-fold (somatic symptoms) to 3.5-fold (substance abuse) increased risk of problems in the four areas of health and well-being. We observed a graded relation between ACE Score and mean number of positive responses to the component questions (range 0-12) ( Table 4 ). The ACE Score also had a graded relation to each of the three component questions in each of the four areas of health and well-being (p < 0.001) (data not shown).
ACE Score, Indicators of Worker Performance, and Assessment for Mediation
The relation observed between ACE Score and each indicator of impaired worker performance was strong and graded (Table 5 ). Com- In logistic models that adjusted simultaneously for total number of positive responses to component questions for the measures of health and well-being, the strength of this relation between ACE Score and indicators of performance was reduced by an amount ranging from 50% to 100% (Model 2; p < .001), indicating a high degree of medication.
The overall fit of the logistic regression model for job problems was statistically significantly improved when both the number of positive responses to questions about health and well-being and the ACE Score were added to the model simultaneously (χ 2 = 425, 1 degree of freedom; p < .0001). When the number of problems in the areas of health and well-being were entered into the models for financial problems and absenteeism, the χ 2 values for the overall fit of the models were 117 and 177, respectively (1 degree of freedom, p < .00001 for each). The substantial differences between the unadjusted and adjusted models suggest that problems in the areas of health and well-being play a substantial role mediating the relation between ACE Score and indicators of worker performance.
Discussion
The ACE Study showed that adverse childhood experiences bear a strong, graded relation to many adult health problems and to many leading causes of death. [9] [10] [11] [12] [13] [14] [15] [16] Using data from the ACE Study, we showed a strong, graded relation between eight categories of adverse childhood experience and three indicators of worker performance. Moreover, four areas of health and well-being that employers and medical practitioners have difficulty managing (relationship problems, emotional distress, somatic symptoms, substance abuse) 2,3 appear to be intermediate variables. Because child abuse and household dysfunction are common and have long-term effects that are highly disruptive to workers' health and well-being, these adverse childhood experiences merit serious attention from the business community, labor leaders, the everyday practitioners of medicine, and government agencies.
Traditionally, maintaining a healthy and productive workforce has centered on job training, technologic improvement in production, and medical care for injury. [23] [24] [25] Instead, however, our data indicate the need to adopt the World Health Organization (WHO) definition of health. 1 To do so would necessitate a paradigm shift, in which the disease-oriented biomedical approach is replaced by a biopsychosocial approach in which child abuse and household dysfunction are understood in terms of their long-term effects on worker health and well-being. [9] [10] [11] [12] [13] [14] [15] [16] In this approach, a person's life experiences, well-being (emotional, social, and financial), and risk-related behavior would be assessed according to Engel's concept of biopsychosocial evaluation. 26 The result of this assessment might be a healthier, more productive workforce that would, in turn, produce greater benefits not only for individual persons but also for families, communities, and the nation. 
clinical contributions
A major obstacle to implementing this paradigm shift is that medical practitioners, 27 corporate managers, and labor leaders are unlikely to fully understand that impaired worker performance may be a longterm effect of childhood abuse and household dysfunction. This lack of understanding may be expected for three reasons: Reports of this longterm cause-and-effect relation [9] [10] [11] [12] [13] [14] [15] [16] are too new to have been disseminated as widely as necessary; the interval between cause and effect is long, and thus the etiology is easily overlooked; and the adverse childhood experiences that led to worker impairment are well shielded by shame, secrecy, and social taboo. In this context, many workers become involved in an expensive, 28 lengthy, and frequently unproductive search for an "organic" or biomedical explanation for worker performance and occupational medicine problems.
The adverse childhood experiences we studied do not occur in isolation from each other. We previously reported that people who report having one category of exposure have an 85% chance of experiencing a second category and have a 70% chance of experiencing a third.
9,11 Thus, we view this set of childhood exposures as a constellation of interrelated problems. In this and other published studies, [9] [10] [11] [12] [13] [14] [15] [16] the ACE Score has proved useful as a summary device for assessing the cumulative negative effects of adverse childhood experiences. Further, the biologic plausibility of using the ACE Score as a cumulative stressor model is supported by recent neuroscientific information. 29 Specifically, exposure of children to stressful events such as recurrent abuse or witnessing domestic violence can negatively disrupt early development of the central nervous system and can adversely affect brain functioning later in life. 30 These developmental effects might account both for some health problems and for treatment for failures later in life.
Our findings may be limited by the general nature of our indicators of worker performance; however, their lack of specificity probably leads to underestimating the strength of the relation between adverse childhood experiences and worker performance. Had we used more detailed measures of performance, we might have observed an even stronger relation to adverse childhood experiences. Because the sensitive nature of our questions probably led study participants to underreport problems in health and well-being, we probably tended to be conservative in estimating mediating influence of these areas on workers' job performance. Moreover, the finding that our general indicators of worker performance are strongly associated with four areas of health and well-being known to affect worker performance 2,3,5 supports the external validity of our findings.
Because our study participants were enrolled in a large HMO and were currently employed, we can reasonably expect our findings to apply to a wide population of employers and HMOs. That the prevalence of these exposures in our study is similar to the prevalence in other population-based studies of childhood abuse, household dys- function, and alcoholism in the home 20, 31, 32 suggests that our study population reflects the general population.
Our findings suggest that employers and HMOs have both the need and the opportunity to work together against the long-term effects of childhood abuse and household dysfunction. Exposure to such adverse circumstances is likely to lead to massive financial expenditures for health care as well as to economic losses attributable to poor work performance. Adverse childhood experiences are a source of many problemssomatic manifestations of health and social problems-treated by occupational medicine specialists. The traditional search for organic causes of illness and injury among workers is expensive for employers, who must pay higher insurance premiums for their workers. In addition, this traditional process is expensive for health care organizations, because much of such medical care is ineffective or inefficient: diagnostic procedures are used without sufficient understanding of the common psychosocial origins of symptoms, multiple office visits and specialty referrals are used in repeated efforts to resolve the same problem, and drugs are prescribed to little or no effect. Most important, workers suffer when their health problems and health-related social problems remain unresolved. If even a small fraction of the economic and human resources currently spent on these conventional approaches was used to identify and address the root origins of these problems in the workforce, we could reasonably expect to find more effective ways to improve worker health, well-being, and performance. ❖ … we can reasonably expect our findings to apply to a wide population … Practice tips 1 . Consider a biopsychosocial approach when you encounter: relationship problems, emotional distress, somatic symptoms, substance abuse. 2. Specifically consider adverse childhood event if:
work problems, financial problems, or absenteeism. 3. Assess problems using the questions in Table 1 .
